Kinetic Aspects of the Respiratory Funttion of Blood The rate of oxygen or carbon monoxide uptake in the lung is believed to be determined by two almost equal components, the pulmonary membrane (Dm) and the rate of uptake of these gases by blood (VcO). It is the purpose of this paper to discuss factors that determine 0.
As defined, 0 is the rate of uptake of gas by the blood expressed as ml of gas per ml of whole blood of known haemoglobin concentration per minute per mmHg partial pressure. In calculating 0 it is usual to consider the blood as having a combining capacity of 20 vol %, corresponding to a packed cell heematocrit of 45 %. Forster (1957) noted that this was not necessarily correct in capillaries, where the gas exchange takes place, but adequate data on this point were not then available. Evidence obtained with high speed photography (Bloch 1962 , Branemak & Lindstrom 1963 suggests that the capillary hematocrit is less than 20 %. Bloch The main component of 0 is the rate of uptake of gas by the red blood cells. Roughton (1959) proposed that this was a process of diffusion through the red blood cell membrane followed by diffusion through and reaction with the internal hemoglobin. More recent evidence suggests that in normal circumstances the rate-limiting factor is simply the chemical reaction rate (Sirs 1966 (Sirs 1970) indicates that complete equilibration does not occur in the lung and tissue capillaries. This is because carbonic anhydrase is only present inside the erythrocyte and as a consequence the plasma hydrogen ion concentration change is slow. All the hydrogen ion change during respiration takes place within the cell, and increases the rate of oxygen transfer. Inhibition of carbonic anhydrase or the presence of carbonic anhydrase in the plasma, due to hemolysis, will correspondingly lower 0.
The reaction taking place between CO and oxyhkmoglobin is slower than that for direct oxygen uptake. The influence of diffusion, and in turn erythrocyte inflexibility, on this exchange is not so pronounced. The data for 0 using this reaction are extrapolated from in vitro rapidreaction measurements at relatively high CO concentrations, using the kinetic equation of Gibson & Roughton (1955) . Data will be presented which do not agree with this mechanism and suggest that this reaction is more complicated than previously believed.
Plenum Press, London; p 1 16 DISCUSSION Dr C N Smyth (Chairman) asked about the late Professor F W J Roughton's experiments in which he found a difference in the time for oxygenation of hkmoglobin depending on whether or not the red cell membranes were present. Dr Sirs said that in the earlier experiments Roughton had separated off the plasma proteins from around the red cells. This led to the cells becoming stiffer so they were not performing with their optimal efficiency.
In reply to a question from Dr J E Cotes, Dr Sirs agreed that an increase in the stiffness of red cells could lead to the gas uptake for oxygen being impaired to a greater extent than for carbon monoxide, since oxygen was affected more by the diffusion process. The carbon monoxide uptake was dependent in the first instance only on the ratio of the amounts of oxygen and carbon monoxide present. (Cander & Forster 1959 , Sackner et al. 1964 , Hyde et al. 1968 ). About 0.2 litres are accessible to intravascular indicators in resting subjects, but radioactive labels injected into the central venous system reach a greater volume when the pulmonary artery pressure is increased, as in exercise or hypoxia (Crosbie et al. 1971) , presumably because of recruitment of pulmonary capillaries. The CO2 dissociation slope of lung tissue (2-3 ml kg-1 mmHg-') is considerable: it flattens at high Pco2. About 10% of excreted CO2 comes from the instantaneous flood of CO2 when alveolar gas is diluted by the inspirate: this may amount to 300 ml/min in heavy exercise and exerts a considerable damping effect on the respiratory oscillations of alveolar Pco2. There must be carbonic anhydrase activity in the lung.
There appears to be no exchange of bicarbonate ion per se between plasma and lung water in one
